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EXECUTIVE SUMMARY

This report records the result of a study Wwhich was con-
ducted to determine whether the drawings which are being
devel oped and used by shipbuilders who are using nodern zone-
oriented, i.e.. nodular, construction techniques. wll satisfac-
torily nmeet the needs of each of the US Navy’ organizations
which have sone type of responsibilitv in the Navy’'s life cycle
mai nt enance nanagement process. The question was raised because
certain of these drawings are very different fromthe type of
systemoriented draw ngs which have been devel oped and used by
shipbuilders in the past. and with which the USN organizations

are famliar. The shipbuilder is required, by contract, to
provide to the government the drawi ngs used for building the
shi p. However . si nce shipbuilders who use nodular construction

techni ques do not need system-oriented detailed drawings to build
the ships the drawings with which the USN organi zati ons have be-—
come famliar will not necessarily be provided unless changes are
made to the contract or specifications. Thus the basic issue is

whet her SUCh changes should be invoked in existing and future
shi pbui I di ng contracts.

The Navys Pl anning cards. which have the responsibility for
mai ntai ning configuration control and for devel oping the draw ngs
which are to be used for making changes to existing systens, were

found to have the greatest need for the various types of draw ngs
devel oped and used by the shipbuil der.

The study concluded that certain types of drawings being
devel oped and used for nodul ar ship construction are nore useful
for the Navy’'s needs than the system-oriented draw ngs. However .

not all shipyards are devel oping the type of drawings which wll
be nost useful.



The report provides recommendations for the type of infornma-
tion which nust be provided in drawi ngs of various types in order
to best neet the needs of the life cycle managenent process. The
report also identifies the need for System Diagrans to be main-
tained in a continuously updated condition. This can be ac-
conplished by identifying all such drawings as Sel ected Records,
and by taking the steps necessary to make sure that Selected
Records are kept current with the ship’'s existing configuration.



| NTRODUCTI ON

Ter m nol ogy

Because agreenment on termnology is essential to comunica-
tion, and because there seens to be no existing “standard” of
term nology that crosses the boundaries of individual shipyards,

the followi ng descriptions are provided to define the term nol ogy
that will be used In this report:

“Zone-oriented” — This termiS nornmally used to refer to any
shi p construction approach which varies fromthe system-oriented
approach which has been used in wvirtually all Us shipyards
(except during wartime, when efficient production became the

norm . However , because the word “zone” has been applied very
differently in various places. and has been used to describe any
part of a ship under consideration, i ncluding systens, it will
not be used in this report except in its nost generic senses
i.e., to nean non-system-oriented.

“ Modul ar. or Unit—eriented" — The essential difference that

has been (reintroduced into shipbuilding practice is that the
whol e of any ship may be broken down into a nunber of basic con—
struction units, each of which can be finished to as conplete a
Condition as practicabl e, virtually independently of the others.
Then, the units can be joined together to nmke up the whole

i.e., the ship. It is not unconmmon for several units to be
joined together into larger elenents, which wll be called
“Blocks” in this docunent, before being joined together with
other units or blocks at the final erection site. In all other
construction i ndustries this practice is called “nodular
construction” . The term “nodul ar construction” seens to better

convey the basic approach used in this technique and therefore
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it, and related ternms such as “unit-oriented” or “block-
oriented”, will be used throughout this docunent to describe the
nore current approach to shipbuil ding.

Backagr ound

As shipbuilders have nade the transition to the wuse of
nodul ar construction concepts in ship construction they have
found it desirable to make significant changes to the format and
content of nmany of the drawi ngs used in the construction process.
These changes have been initiated with a single purpose in mnd:
namely to present information needed by production personnel to
them in the format which they, the imedi ate users of the draw
i ngs, find nost useful. One guiding principle inherent in
achieving this purpose is to avoid providing information that is
not needed for doing the task at hand.

Before the transition back to nodular construction tech-
ni ques, ships were built by system the | argest and nost exten-
sive of which was the hull structure. Construction of the hull
frequently was started as soon after-contract award as possi bl e,
based nore on the desire to neet a mlestone for paynment purposes
and/or the need to keep the available structural construction
personnel usefully enployed than on the desire to ensure the nost
cost—effective construction scheduling. The installation of dis—

tributive systens, such as piping, ventilation and wiring, also
was done by system But since the devel opnent of the draw ngs
for distributive systens was in part dependent on data from
structural draw ngs, primary structural drawings nust be com

pleted before those of the distributive systens. Thus , it was
natural for the hull structure to be built first, and for the
distributive systens to be installed inside the hull after their
drawi ngs had been conpleted (and the hull construction was far
advanced) . The inefficiencies of this approach have been well

docunented el sewhere and will not be repeated here
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The significant point to be nmade is that those draw ngs
whose purpose was to provide assenbly and installation details in
systemoriented shipbuilding programs were deliberately con—
strained to show i nfornmati on about a single system because the
wor kers who needed the information were working only by system

Since the enphasis in nodular construction is on the work
content related to finishing a unit, the content of the assenbly
and installation drawings nust relate to the unit. Most units
contain parts of many systens, and seldom if ever, all parts of
any system Thus, drawi ngs which contain information about how
to assenble and install the parts that make up a wunit do not
provide any information about any parts of any systems which are
not in that unit. In other words. since the ship builders do not
need system-eriented installation draw ngs, they are not produc—
ing such draw ngs. Shi pbui l ders are required to deliver Level 3
drawi ngs, which by definition are those necessary for manufactur-
ing a product. Since systemoriented drawings are not needed for
constructing the ship, they will not be available to the owner

unless required in addition to |level 3 drawings by specific con-
tractual requirenents.

After ships are delivered to the owner, a whole new set of
drawing users cone into the picture. In the past, t hese users
have received detailed drawings of each system to wuse for
what ever functions they perform The procedures which they have
devel oped for dealing with all of the elenments of the |ife-cycle
mai nt enance nmanagenent process have been built, at least in part,
around those system draw ngs. So the issue to be addressed is
whet her these users will be hurt or helped by having only the
unit-oriented or bl ock—eriented draw ngs, whi ch show now all the
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systems in sone part of the ship are configured, as opposed to
the systemoriented draw ngs, which show how one systemis con-
figured throughout the ship.

As m ght be expected, the initial reaction of nobst in-
dividuals in the Navy who had not seen any draw ngs produced from
nodul ar  shi pbuilding projects was that the Navy nust continue to
receive single system detail ed draw ngs. However many conmer -
cial and naval ships around the world have been built by foreign
shi pbuilders using nodern shipbuilding techniques and their

owners and operators have received only the draw ngs which
naturally resulted from their building program Because these
shi ps have been operated satisfactorily with only those draw ngs,
it was appropriate to study whether there are, in fact, unique

requirenments of the U S Navy’s life «cycle nmanagenent process
that do demand detail ed drawi ngs of each individual system

Scope of Project

In addressing the issues presented above, the follow ng

basi c questions need to be answered relative to the ship's draw
i ngs provided by the shipbuil der

What do the Shipbuilder’s drawi ngs provide?
2. Who are the Owmer’'s Users?

3. VWhat are the Omer’s Users” needs?

Do the Shipbuilder’s drawi ngs provide what the Omner’s
Users need?

5. [f not, what changes are required?

Before addressing the answers to these questions, it is ap—

propriate to consider the planned and actual approach to obtain—
ing the answers.



St udy Appr oach

The initial plan was to select tw types of ship for
analysis , each of which had two simlar ship classes constructed
recently; one class having been built wusing systemoriented
nmet hods and the other using nodul ar construction techniques. The
drawi ngs prepared for the systemoriented ships and conparable
drawings for the nodular built ships would be presented to each

of the user activities involved with that class of ship for com-
pari son and comment.

The ships originally targeted for the study were the AO 177
class and the TAO-187 class of oilers, both built by the sane
shi pyard, but by different construction techniques. and the FFG-7
cl ass, the early ships of which had been built using system-
oriented nethods, but the Jlater ships of which reportedly had
benefited from application of nodular construction concepts.

The pl anned approach was to select one or nore Ship Altera—
tion packages being designed for the AO 177 class by its Planning
Yard, Puget Sound Naval Shipyard, and identify which shipbuilder
drawi ngs, and specifically what data in those draw ngs, were used
by the PSNSY designers for each phase of their effort. The next
step would be to identify and obtain the drawings fromthe TAO—
187 class which would contain the same type of data, and have the
PSNSY engi neers indicate whether it would have been easier or
harder to have had such draw ngs available for their use.

The above steps were not able to be inplenented as pl anned

because of a nunber of factors. First, the TAO drawi ngs were
still in the process of being devel oped when the study was in-
itiated. Thus, only a limted nunber of drawi ngs were avail abl e
for conparison. The Ship Alterations being worked on the AO

class were not particularly suitable to the analyses because a
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| arge nunber of t he drawings being wused were not the
original drawi ngs of the shipbuilder, but were draw ngs prepared
by the Planning Yard for acconplishing prior system changes.

The choice of the FFG class had to be discarded because the
changes in construction techniques were acconplished primarily by
production planning docunentation wthout making new drawi ngs to
suit nodul ari zation of the process. A revised plan, to use the
DDG-51 nodul ar drawi ngs for conparison wth the FFG system draw
ings in the devel opnent of FFG Ship Alteration planning, coul d
not be effected because the DDG 51 construction drawi ngs were in
the earliest stages of developnent and their ultimte configura-
tion was still a matter of discussion at the shipbuilding yard.

As a result, the approach which was actually carried out in-
vol ved discussions with personnel at various naval activities,
i ncluding Supervisors of Shipbuilding, Pl anni ng Yards and Shi ps
force, using typical AO drawi ngs and typical TAO draw ngs. of
t he personnel contacted, only those from PSNSY actually nade the
effort to visit SupShips New Ol eans and Avondal e Shipyard to see
first—hand the products which had been generated there and ac-
cepted by the Supervisor for several years. The aut hor has
sisited a number of private and public shipyards to identify the
format and content of the drawi ngs which they are now producing
The findings and conclusions in this report represent the
author’s reactions to all of these discussions, and are not in-
tended to inply any agreenment or disagreenment by or with any of
the personnel or activities with whom he had contact.



SHI PBUI LDERS’ DRAW NGS

Detail ed Design Phase Stages

The Detailed Design Phase, Wwhich is carried out by or for
the shipbuilder, consists of several separate Stages. The draw-
ings and other docunents which are produced in each detailed
design stage are quite different because they have different
functions to perform |Reference (1) |identities four different
detail ed design stages. as follows:

Basi ¢ Design Stage
Functional Design Stage

N =

. Transition Design Stage

N

Wor ki ng Draw ngs Stage

St ages 1. and 2. above are frequently classified el sewhere
as a single stage. However, the above division is useful because
it recognizes the difference between the general space arrange-
nment drawi ngs and key structural draw ngs which nust be defined
i medi ately after contract award, (Basic Design Stage), and the
system | evel draw ngs, produced during the Functional Desi gn
St age, for which the Basic Design Stage arrangenent and struc-
tural drawi ngs are prerequisites.

The primary inpact of nodular construction on the content of
drawi ngs is on the working draw ngs produced during stage 4, but
all  drawi ngs have been inpacted to sonme degree, as will be dis-
cussed in later paragraphs.

R L. Starch,C. p. Hanmon and H M Bunch, Ship Production
Cornell Maritinme Press, 1988.




Dfferent System Types

The effect of nodular construction techniques on content and
format of drawings has not been the sane for drawi ngs of dif-

ferent types of systens. For the purposes of this discussion, it
will be useful to categorize ship systens as either Structural,
Mechani cal, Piping or Electrical. In this classification schene,

Heating, Air Conditioning and Ventilation Systens (HVAC) are con-
sidered within Piping because of their functional simlarities.

El ectri cal System wring drawings have been nodified the
| east, since nost of the wiring installations are acconplished
after the erection of the construction units into blocks or into
the hull, i.e., they are installed “On-Block” or “On-Board”.
Were it is found nore effective to install electrical wring
systems during the unit outfitting stage, then the draw ng infor—
mation should be oriented to the unit(s) involved. Wreway draw
ings, for instante, should be unit—eriented in order to allow i n—
stallatian of the wireways at the nost appropriate point in con-

struction. Normally this will be when the decks to which they
will be attached are in the upside—down positions where all itens
which will ultimately be located on the overhead can be installed

with the |east manpower expenditure.

Many Mechani cal systens drawi ngs are unchanged for nodul ar
construction, because the information which they provide is nor-—
mally nore installation oriented, even in non-nodular construc-
tion. If the equipnent can be included in a Machinery Unit
Package, however, then the information will be provided in that
installation draw ng package.

The remaining discussion of drawing content will relate

primarily to Structural and Piping Systens, because they are the
nost affected by nodul ar construction techniques.

"
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Basi ¢ Desi gn St age Dr awi ngs
Cener a

In the United States. ship owners normally provide

prospecti ve shipbuilders with a nunber of draw ngs which, in ad—
dition to a set of shipbuilding specifications, describe the ship
whi ch they want to buy . However, since the contractual require—

ments usually make the shipbuilder responsible for delivering a
ship which neets specified technical and performance require-—
ments, the shipbuilder nmust check. and verify every el enent of the
design . Resides it is often possible for the shipbuilder to
make changes to design details which significantly decrease the
cost of procurenent and/or construction, wthout degrading the

quality or the performance of the ultimte product. Thus, it is
normal for the shipbuilder or his design agent to go through the
entire design devel opment again, to verify the adequacy of the

design and to develop the details of fabrication and installation
which are not considered in the early design Phases.

The draw ng products of this stage of design, then, are
simlar to those provided by the ship owners but establish the
baseline that the shipbuilder wll follow in the renaining
detail ed design effort.

Space Arrangenent Draw ngs

These draw ngs provide a description of where all the
spaces in a ship are |ocated, t he purpose of each space, and the
| ocation of all major equipnment within each space. This clas-
sification includes the General Arrangenent plans. the | nboard
and Qutboard Profiles, and the Conpartnment and Access (C&A) draw
I ngs. It also includes the Arrangenent drawi ngs for major spaces
such as Machi nery Arrangenents, Pilot House Arrangenents, CIC Ar-—
rangenent s etc. Such drawi ngs identify the |ocations of major
structural elenments such as decks, structural and non-structural

bul kheads, and principal scantlings. These drawi ngs do not need




tO be changed significantly in format or content for nodul ar
shi pbui | di ng. In general, they are not system oriented, but
provide the background for many other draw ngs and provide con-
straints which affect the layout of individual systens.

Key Structural Draw ngs

A nunber of structural drawi ngs, such as the M dships
Section Drawing and Shell Expansion, contain details of struc—
tural scantlings which define the adequacy of the structure to
neet the | oads inposed on the ship. These provide the basis for
ot her key structural draw ngs, which provide a description of how
the transitions of structural details are to be acconplished. Be-
cause all other systens nust be designed and built around the

ship's structure t hese draw ngs nust be devel oped early in the
detail ed design effort.

Functi onal Design Stage Draw ngs
Cener al

The drawi ngs produced in this stage are in sone ways
the nobst inportant docunments developed in the entire design
process, because they nust provide all of the information which
will ensure that each systemcan and will carry out all of the
systemi s requirenments, including all interactions with other sys—
tens. As such, they not only provide the shipbuilder with all of
the information which nmust be used in the further devel opnent of

fabrication and installation instructions, but al so provide the
owner and the regulatory bodies with sufficient information for
their approval of the design. As will be enphasized |ater, they

also provide the operators of the ship wth the information
necessary to understand the systemis proper operation and to con—

trol the systemis configuration during the operating life of the
shi p.
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Note — For nodul ar construction prograns, these are the
only system oriented draw ngs which nust be devel oped. In that

sense they take on even nore inportance than they have had in the
past .

Experience has shown that schematic representations of the
system frequently are the nost efficient ways of providing the
required information. Thus , such drawi ngs have generally becone
known as “Diagrans” . Very often, the schematic representation of
the systemis shown superinposed on a background that identifies
t he spaces through which the system passes. This is especially
common with certain distributed systens, such as piping, for
which the routing of the system nust be considered, and for which
elements , such as valve |ocations, which are vital to the proper
design and/ or operation of the system nust be defined.

System Di agr ans

For nodular, as well as system-oriented construction,
one diagram is produced for each individual systemin the ship.
For very extensive systems such as the Firemain system or the
HVAC system there may be many sheets in a system diagram In
practice, the term “diagranf is primarily applied to piping or
HVJAC system drawi ngs. However, this termw |l be broadl Y applied
herein to include certain structural and electrical/electronic
dr awi ngs, whi ch, i ke piping diagrans, serve to provide all of
the information necessary to ensure that the subject systemwl|
adequat el y acconplish every function for which the system exists.

El ectrical One-Line drawings, for instance, also provide the
basic design data that control the overall system configuration
and conponent sizing and do so in a schematic fornmat. In the
structures area, drawi ngs are devel oped for major areas of the
ship, such as decks, bul kheads and franmes, which may be con-
sidered the principal systems of the ship' s structure. I'n

general, these structural drawi ngs are not schematic, although it

)
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has becone standard practice, in a nunber of other countries
usi ng advanced shi pbuildi ng techni ques, to use sinplified repre-
sentations of actual structure and thus inprove the productivity

of the design process. For the purposes of the follow ng discus-
sion, these structural drawings will be considered under the term
“di agrant

The information provided in diagranms reflects the
results of the calculations which have been nmade to determ ne re-
qui red conponent sizing, material requirenents and perfornmance
requirenents. Data is provided in graphical, tabular or textual
form whi chever is the nost effective technique for presenting
the information. Since the diagram provides all of the data
necessary for describing a systenmis basic functional require-
ments including all i nformati on necessary to replace any con-
ponent or piece of equipnent in the system it follows that a
diagram is the only docunent needed by anyone who needs to know
how the systemis or should be designed, and what constraints’
must be satisfied when nodification of the system is necessary.

The diagram is the single docunment which conpletely defines the
system design requirenents.

Transition Design Stage Draw ngs
Cener al

To fabricate system components and to install them

properly requires precise, di rensi onal drawing data. The
schematic ,drawi ngs prepared in the Functional Design Stage do not
provide that kind of information. The “tool” that is used to

take the data relating to individual systenms from the diagrans
produced in the Functional Design Stage, and to conbine that data
into a form that allows dinensioned Wrking Drawings to be
produced in Stage 4, is the Conposite Draw ng.



Conposite Draw ngs

Conmposite drawi ngs al so are arrangenent draw ngs, but
provide nuch nore explicit detail. Their primary purpose is to
| ocate, with dinensional accuracy, every portion of every system
that exists in a volune of the ship. Conposi t es, often called
Interference Control Dr awi ngs, have been commonly used for
systemoriented shipbuilding, but in such cases their use usually
has been |imted to certain major, usual Iy very congested, areas
of the ship, such as machinery spaces, living areas. etc. They
are intended to preclude “interferences”, t he scourge of al
shi pbui | di ng prograns. In nost cases, conposite drawings are too
conplicated to be used by anyone other than the people Wo
prepare them Thus, although they are essential to the
shi pyard’ s design configuration control process, they are not
normal |y deliverables to a custoner.

Conceptual ly, the content and format of conposites are
no different for nodular-oriented prograns than for system
oriented prograns. However , in nmodul ar progranms they are used
nore w dely, extendi ng throughout virtually every space in a
shi p. They are wused for defining systens’ details to a nmuch
finer Ilevel, for determining interfaces between construction

units and ot her construction el enents. They have, therefore, be-
cone of even greater inportance to the shipyard.

Wth the advent of conputer drafting prograns with nul -
tiple 2D overlay capability or full 3D power, shipyards wth suf-
ficient conputer capacity are devel oping conposites in the com—
put er. There is a major ongoing effort within the shipbuilding
comunity to expand this capability to include nore than just
gr aphi cs. The term “Product Mdel” is being used to describe
this total description of the ship system including materia
identification, etc., as well as configuration data.

IlJ
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Working Drawi ng Desi gn St age
CGeneral

Wor ki ng dr awi ngs are produced primarily for the
shi pyard’s production work force, to provide themwith two dif-
ferent types of information. The first type of information re—
lates to the assenbly and installation requirenents, such as the
dimensionally accurate location of each piece that is to be as—
sembl ed. The second type of information relates to the fabrica-
tion data needed by shop personnel for manufacturing the pieces
whi ch make up a system Al though the ship construction process
is primarily an assenblv process, each shipyard will nanufacture
as many of the parts to be assenbled as they <can efficiently
produce. Both types of information may be included on a single
drawi ng, but usually, as wll be assunmed in this discussion, in-
formation relating to assenbly and/or installation is provided on
one drawi ng and fabrication data is provided on another. Thus ,
the first of these types of drawings will be identified in this
docunent as Assenbly Draw ngs, since they provide all of the in-
formation necessary to assenble the systen(s) covered by the

drawing, while the second type will be designated as Fabrication
Dr awi ngs.

Assenbly drawings are developed before Fabrication
Dr awi ngs, because the system configuration nust be established
before the system can be broken Up into the elenments from which

it wll be built. Thus , Fabrication drawings, which are the
first drawings to be directly used in the entire construction
pr ocess, are necessarily the last to be produced in the entire

desi gn process.

Many fabrication drawings have been produced by shop
personnel in the past, and, being considered shop sketches rather

t han dr awi ngs, have not been given to the ship owner upon
del i very.
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The construction process also requires the devel opnent
of sone type of work instructions, usually trade—eriented, which
describe the precise work which is to be acconplished, how it is
to be done and which drawi ng(s) and other docunents are to be
used for direction or guidance. These work instructions are

devel oped normally within the Production Departnent. rat her than
by the Engi neering Departnent.

System-Oriented Construction Drawing Practices
During the working drawing phase of system-oriented

shipbuilding , designers produced a separate detailed assenbly
drawing for each individual system on the ship. Simlarly,

fabrication drawings provided data relating to only one system on
each draw ng. Wrk instructions covered the installation of a

singl e system t hroughout the ship.

Structural working drawi ngs showed the exact dinensions
of each piece of steel from which a deck or bul khead was to be
built and al so showed how the parts were to be wel ded together to

build the “system . Thus, one drawing could be used to determ ne
how to cut out and weld up all the pieces which nade up one
struct ural “systeni of a ship. Decks were considered as struc—

tural systens in this approach, as were Bul kheads, Franes, etc.

Pi ping configuration drawings showed the distances of
the systenis piping frommjor structure, such as the deck over-

head or a bul khead stiffener, for exanple. One serious drawback
to these drawings was that they did not show the |ocation of
ot her piping systens. It was therefore necessarv to |ook at

sever al drawings to find the configuration details of different
pi ping systens, even if they were, say, running parallel for many



feet. Separate piping fabrication drawings gave construction

details for each piece used in nmaking up a single system
t hr oughout the ship.

For electrical systens, wireway routings were devel oped
from the conposites and shown deck by deck. The wireways were
then installed inside the ship after spaces were all closed in.

Modul ar Construction Drawi ng Practices
Gener al

A shipyard wusing nodul ar construction techniques
cannot effectively nake use of the type of systemeriented as-—

senbly and fabrication drawi ngs described above. | nst ead, draw
ings nmust relate to the units, sub—units or blocks of wunits in
which the system elenents are to be installed. Unfortunately,
since at this point in time virtually every shipyard is devel op-
ing their own, i ndi vidual i zed set of drawing types, which they
consider will best enhance their producibility during the nodul ar
construction process, it is not possible to generalize on the

format and content of the draw ngs bei ng devel oped. However, the
differences relate primarily to the size of assenbly which is ad-
dressed in the docunentation and to the nomenclature used to
descri be the processes involved. Some assenbly drawi ngs address
i ndi vidual units, sone address each sub—wnit, while sone address
bl ocks of several units. A shipyard nmay use each of these in
various conbinations for different systemtypes, i.e., structura

drawi ngs showing fabrication and assenbly by sub-unit, pl us
structural draw ngs showi ng assenbly of sub—dnits into units and
fabrication details of any structural elenents which nmay be added
during that effort; pi ping assenbly draw ngs showi ng severa

units in one drawing, wth separate fabrication draw ng packages
for each unit showing the pipe details for all the piping systens

in that unit; and wireway assenbly draw ngs by block of severa
adj oi ning units.

210



Uni t—ori ented draw ngs

Unit—oriented structural drawi ngs define the con—
figuration of each of the structural parts fromwhich a unit wll
be assenbled, provide all of the welding information, and all of
the dinmensional details which nmust be used by the construction
workers to construct the unit. | deal |y, these draw ngs identify
every hole which nmust be <cut for any piping, ventilation or
el ectrical system penetration, as well as all structural cutouts,

so that these all can be acconplished during the original
fabrication of the structure. It is comopn practice in many
yards to provide additional drawi ngs for each stage of subas-
senbly of each unit. particularly if the subassenblies are to be
constructed at different sites and assenbl ed at another |ocation
or if there will be outfitting of the subassenblies before they

are joined with other subassenblies.

Unit—oriented piping system drawi ngs show all of
the elenents of every piping system which are to be installed in
one unit. Thus, each such drawing is a mni—-conposite of all the
pi pi ng systens in one unit. Figure 1 in Appendix A is a portion
of a drawing of this type (at very reduced scale)

Part fabrication drawi ngs provide_ in one draw ng,
information pertaining to all parts of all of the systens to be
installed in one unit.

Bl ock—ori ented Draw ngs
Sonme shi pyards have found it desirable to show al
of the elenments of a systemtype (such as piping or electrica
systens) from several adjoining units in a single assenbly draw

ings even if the systemelenents will be installed in each unit
at a different place or tinme. Figure 2 in appendix A illustrates
such a drawing for wreways. This type of draw ng has not
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resulted in any confusion for production personnel during the as—
senbly process, since the personnel at a given work site are
provided wth only the pieces which are to be assenbled at that
work site, and are given work instructions pertaining only to the
work to be done at their work site. It has not been found neces-—

sary in all cases to provide separate drawings for each work
site.

Sub—Uni t —ori ented Draw ngs

Because nost units are built up of smaller sub-
units and in many cases such sub-units are outfitted before
being joined with other sub-units into units, it is very common
for separate assenbly drawings to be developed to describe the
work to be done on each sub-unit and/or at each work site. At
sone shi pyards, these are produced in addition to the draw ngs
which provide information at the unit or block |evel. Fabri ca—
tion drawi ngs are sonetines produced by subassenbly, al t hough it
is nore common for fabrication drawings to be devel oped by unit,
with part nunbering systenms used to identify the work site where
the part will be installed. However , at | east one shipyard is
presently planning to prepare all drawings by system type at the
sub—unit level , and to conbine all of the sheets for all of the
unit’s sub—dnits into a single wor k package instruction

docurment.? | Although this would appear to provide all of the in-

formation needed in the future for any part of any system of that
unit, it does so in such a fractionated way that it will be very
inefficient for the |ife-cycle process. A separate series of
drawings is being considered for life cycle support.

2. LCDR Bl aine R Brucker, USN, Infusing Producibility Into Ad—
vanced Subnarine Design, NSRP Synposium August 1988




System Drawi ngs by Unit

At one shipyard a separate drawing is produced for
fabrication and assenbly of the parts of each piping systemin—

stalled in each unit. Thi s approach represents the worst of all
worlds, in that it provides neither a conplete system description
nor a conplete unit description. It therefore fails to satisfy
the life cycle nmanagenent needs of the custoner. The reason for

having followed this inefficient practice was originally stated
to have been driven by soneone’s perception that it was necessary
to maintain the purity of the SWBS nunber in the drawing numnber.
It also was said to have been preferred by some production per-
sonnel . It finally came to light that the CAD system bei ng used
makes printing out overlays of multiple systens very difficult.
The system provides the shipyard with so many other advantages ,

however, that they are willing to accept the additional design
cost, additional cost for change incorporation and the other ob-
vi ous disadvant ages. This extrenmely non—productive approach is
still being followed. This approach is nmentioned here only in
the hope that it wll serve to ensure that no other shipbuilder
will ever followit, at least not w thout being forced to because
of other cost considerations. There will be an additional cost

to provide individual detail ed system-oriented drawi ngs to the
shi p owner and oper at or

Machi nery Unit Draw ngs
Most of the units into which a ship is broken down
for the application of nodular construction techniques are
primarily structural units, to which portions of other systens

are installed during the construction of the unit. However, it
is very cost—effective to assenble several itens of equipnent
onto a common foundation in the shop and then nove all of this
equi pnent as a conplete entity into its final location onto a
struct ural unit or on-board. This entity, known in sone
shipyards as a machinery Unit, can include all of the gauges,
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tubing, and other instrunentation necessary to operate or control
t he equi pnent |ocally. It can be hydrostatically tested in ad-
vance. This approach has been applied in system-eriented con-
struction in a very limted way, such as for preassenbl ed piping
runs for congested spaces, but is being applied nmuch nore broadly
in nmodul ar construction. Separate drawi ngs are produced for these

machi nery units. It is comon for these drawi ngs to include
structural and system routing details on separate sheets of the
sanme nunbered draw ng. Thus all information needed to construct

any part of that machinery unit is available in that draw ng.
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USERS AND THEI R NEEDS

| nt r oducti on

One elenment of the studY effort was to determ ne what infor-
mation is actually needed at each stage of the post shipbuilding
process, an obvious prerequisite to a decision about the adequacy

of the builder’s products to neet those needs. Thi s invol ved,
first, identifying the users and then assessing the information
needs of each of the users. In the U S. Navy, as well as in any
ot her operator’s organization, there is a defined structure for
mai ntaining and operating the ships. Since that of the USN is
nore conplex than nost comrercial operators, this study has con-
centrated on the USN structure. However , the findings are ap-

plicable to any owner or operator

Users

Ships Force - The personnel who operate and

maintain the
ship on a daily basis are an inportant source of information

about the need for nodifications to existing system installations
in order to inprove the ships performance or sinmplify its main-
t enance. Since the standardi zation of ships and systens w thin
classes is a high priority in the USN because of crew training
and mai ntenance planning considerations, system confi guration
changes are not intended to be acconplished by ships force per—
sonnel wi thout authorization. However , if the ship’s force are
able to acconplish the changes within their own resources, it is
not unknown for themto do so, wth or wthout the know edge and
consent of others outside the ship who have responsibility
configuration control.

for



operating Commanders/NAVSEA Headquarters - These organiza-

tions ultimately are responsible for approval of proposed changes
to ships existing systens and configurations. They frequently

initiate the process, but nore often approve further devel opnent
of changes that are proposed by others.

Pl anning Yard — one shipyards, usually a public (US Naval )
shi pyard, is assigned the responsibility for maintaining con—
figuration control of a ship class. This yard is also respon—
sible for devel oping any approved system configuration changes to
a Cass of existing ships. The Planning Yard responsibility al-
ways includes the devel opnent of the drawings which are to be
used by the Installing Activity, i.e., that shipyard which is ul-
timately authorized to acconplish the work. Most often, t he
Planning Yard is not the Installing Activity. Wen it is not, it
does provide on on-site representatives whose mission includes
aiding the Installing Activity in resolving all problens arising
from the use of the Planning Yard draw ngs.

Supervisors of Shipbuilding -: The USN has established
several offices in different parts of the country, each of which
is responsible for the contract admnistration of assigned ship—
buil ding and/or overhaul prograns. Their responsibilities for
shi pbui l di ng prograns include drawi ng review, occasi onal draw ng
approval and oversight of the procurement of material, as well as
quality assurance and financial managenent functions. Thei r
responsibilities for overhaul and repair wrk include putting
t oget her packages of prospective work, distribution of that data
for bidding purposes, selecting the yard which wll acconplish

the work and oversight of the work being carried out by that
yard.

L
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Installing Activity - The shipyard, either public or
private, which is assigned the task of naking specific changes to

a ship's systens, as well as acconplishing the repair work that
al ways is acconplished during an over haul

Users’ Needs
Shi p’ s Force

Qper ati on. Qperation at the ship by the ship’s force
does not require use of the construction draw ngs devel oped by a
shi pbui | der. However, Equi pnent draw ngs, Techni cal Manual s and
ot her docunentation which the shipbuilder obtains from the equip-
ment supplier are of nore direct use to the ship’s force. These
docunents al so are used by the shipyard personnel when Install—
ing, checking out and operating the ship s equi pnent during con—
struction, but they are not devel oped by the shipyard. There is

no change needed or desired in the format or content of this type
of docunentati on.

There are still other docunents, such as Danage Control
docunentation , Mai nt enance Requi renent docunents, Ships Instruc-
ti on Books, etc., whi ch may be devel oped by the shipyard, but

these are not used by the shipbuilder for his own purposes during
construction. and thus are not being addressed herein.

Mai nt enance. Mai nt enance of a ship, on the other hand, nay
require some of the shipbuilder’s docunents, as well as sone of
the other docunentation such as Equi prment Technical Mnuals ad-
dressed above. Mai nt enance problens are usually equipnent
oriented, rather than systemoriented, and normally are local in
nat ure. Therefore the ship’s force relies nuch nore heavily on
the equipnment oriented docunentation than on the shipbuilder's
drawi ngs. Since nost of the problens which occur during opera—
tion relate to equi pnent, and since the cause of nost of themis
obivious, it is not surprising that discussions with shipboard en-



gi neering personnel reveal ed t hat nost of them never
use the drawi ngs which they carry on board. They indicated that,
with mnor exceptions, the only time they went to the draw ng
file was to satisfy inspection requirenents or to provide draw
ings to visitors to the shinp, such as to shipyard personnel who
come aboard to do shipchecks for various purposes. The mnor ex-
ceptions include the need to use certain electrical draw ngs when
checking electrical problenms and occasional use of diagrans for
famliarization and training purposes.

Despite the response described above, it is nore
reasonable to believe that shipboard personnel actually do need
to have copies of every system diagram an board, since these
drawi ngs provide the only conplete and concise description of how
the system is supposed to be designed and of its intended opera—
tional par aneters. These drawi ngs also contain the information
the ships forces need for ordering replacenent itens. Whenever
they need to make minor nodifications to a system t hey can use
the sane guidance (USN Ship Specifications and CGeneral Specifica-
tions, ABS Rules, Coast @uard RegulatiOns, etc.) that was avail -
able to the ship’s designers.

It is also to be expected that a Fabrication draw ng
woul d occasionally be useful for manufacturing a replacenent item
such as a length of pipe, ventilation duct, etc. However, si nce
these types of itenms usually can be made by tenplating existing

parts the availability of fabrication drawings is by no neans a
necessity.

Since the ship’s farce have the as-built ship as a full
scale nmodel, it is hard to inagine any need which they m ght have
for detailed arrangement draw ngs, except in the case of nmjor
danmage due to collision or battle damage. However , even then
the imediate on-site repairs which would be nade by the ships
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force or Dby ot her repair activities, woul d constitute
enmergency repairs, for which the detailed drawing information
woul d be very useful, but not essential.

Pl anni nq Yard
General . Pl anni ng yards have the greatest functional
need for the shipbuilder’s draw ngs, since they nust provide

simlar drawings to other shipyards for nmaking nodifications to
the systens.

Pl anni ng. The planning Yard' s efforts normally start
with receipt of a ship Alteration Record (SAR). Wwhich describes
what changes are to be nmde to a system and identifies what
equi prent will be provided by the authorizing activity, and with
authorization to develop the drawings and other data which will
be needed by the Installing Activity to acconplish the work. The
Planning Yard efforts require the availability of system diagrans
of all systens inpacted in any way, for evaluation of the inpact
on sizing of equipnent or system conponents and for ease in iden-
tifying system naterial requirenents.

Shi pcheck. The yard then, using the ship’s Drawing | n—
dex as a gquide for Identifying the draw ngs needed, gathers
together all of the ship’s Assenbly drawi ngs which relate to the
systens involved in the Shipalt. They take these docunents to
the ship and use themto check whether the actual installation is
as shown on those draw ngs. They also verify or determne and
docunent how the revised installation wll be configured by

either marking up the as-built drawings or developing sketches
onboard.

Design Devel opnent . Fol | ow ng the shipcheck, the Plan-

nlng Yard personnel develop all of the drawings that will be re-
quired by the installing shipyard for acconplishing the work in-—



vol ved. This may involve preparation of drawings which
describe Wat parts of an existing installed system are to be

ri pped out, using the assenbly drawing, as well as draw ngs which

describe the new installation. Ri pout drawi ngs can be made
quickly and easily by tracing existing assenbly draw ngs, in the
manual node. The nodifications will be even easier to produce

for drawi ngs which exist in conmputer files. Fabricati on draw ngs
woul d provide nuch useful in-formation to planning Yard personnel
if avail able.

Supervi sors of Shi pbuil di ng
Shipbuilding. Since the primary tine frane of interest
in this study is the post—shipbuilding life cycle of the shinp,
the Supervisors need for drawings during shipbuilding is noted
only in passing. Qobvi ousl y, all draw ngs produced by the ship-
bui | der are needed by SupShips during the building phase.

Over haul . In order to properly carry out their respon-
sibilities for overhauls, the SupShips organizations would need
only the drawings prepared by the Planning Yard if there never
were any question of their accuracy. However , despite the fact
that the Planning Yard is responsible for the technical adequacy
of the draw ngs, the Supervisor nmust have both the system
Diagrans and the Assenbly drawi ngs of the as—built ship in order

to properly and expeditiously respond to technical guesti ons
whi ch ari se.

Installing Activity
The installing activity should need only the draw ngs
provided with the governnent’s contract to do the work, thus it
does not have any functional need for copies of the origina

shipbuilder’s drawings in order to acconplish the changes to the
systens’ configuration.




=VALUATION

| nt roducti on

It has been determined in the foregoing that all of the dif-
ferent types of drawings developed by shipbuilders during the
Det ai | ed Design phase are useful, in varying degrees, to each of

the USN organi zations which have |ife-cycle nmintenance respon-
sibilities.

In the past there has been no requirement for uysers to
receive copies of the Conposite Drawi ngs, Which are used by the
shipyard’s design personnel for integrating all of the detailed
system arrangenents. but were never issued, even to the
shi pyard’ s production personnel. However, with the advent of
computer drafting, it will be very desirable and ultimately nman—
datory, for the Planning Yard to have the conputer tapes with the
conposite data. It has been necessary far Planning Yards to
develop their own conposite drawings for limted areas of the

ship, but they have never in the past had the shipbuilders com
posites with which to start.

with respect to Systens Drawi ngs, although there has been no
need far shipbuilders to significantly nodify the content or for-
mat of these drawings in order for a yard to effectively convert
to nmodul ar construction techniques, certain changes nust be nade

in order to nake these drawings better able to serve the life-
cycl e users’ needs.

The working drawi ngs represent the area of greatest concern
or interest, primarily because their format and content have
changed greatly from those with which users have experience, but
secondarily because there are not yet any standardi zed techni ques
for providing the required data.
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Each type of drawing wll be discussed separately, after
which a series at issues of general applicability to each type of
drawing will be addressed.

System D agrans
General

all of the information that has been provided by
shipyards in system diagrams for system-oriented construction

remai ns essential For nodul ar construction. However , what has
not been recogni zed, In general, is that additional information
nmust be provided on the diagranms whenever all working draw ngs
are developed to suit nodular construction, i.e., to address
units instead of systens. if it is necessary to call out these
requirements in contract |anguage as part of the shipbuilding

specifications, then it should be done.

Correlation with Wrking Draw ngs

As has been covered in detail elsewhere, working draw
ings for nodular construction seldom if ever, show a conpl ete
system in one draw ng. Major systens will appear in nmany
separate bl ock, unit or sub—dnit draw ngs, instead of a single
dr awi ng. In the past, when it was necessary to go fromthe sys-
tem diagram to the working drawi ng which covered a part of the
system about which one needed additional information, there was
only one drawing to find and | ook at. Even if the diagram did
not include the nunber of the corresponding working drawing in
its reference iist, the working drawing’s title would include the
system name and its nunber would include the sane . SWBS nunber as
t he di agram making it sinple to quickly locate the correct num
ber in the Ship's Drawing Index (SD). This is not possible

when, as in noduiar construction, working drawi ngs are not system
ori ented.
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During the course of this study, the author has not
found one system diagram which has provided any technique for
| eading a reader to the related working draw ng(s). The only
currently available way to find the drawing which contains the
details of interest is to go through the follow ng steps:

a. Find a drawing which identifies the ship’s unit break-
down.

b. Identify the unit nunber(s) nost likely to include the
volune of the ship in which the pertinent part of the system is
| ocat ed.

c. Search through the SDI to find the working draw ng which
has that unit nunber in its title or in its own draw ng nunber.
This assunes that the working drawing nunbering system or the
drawing title will include the unit nunber. Ot herw se, sear ch
through the SDI to find sone other clue to identify the desired
drawi ng, such as the conpartnent type.

This technique is obviously very inefficient of
several possible solutions to this as yet generally unrecognized
probl em the sinplest would be to provide a matrix table in the
diagram to correlate each area of the system diagramto the num-
ber of the working drawi ng which contains the detalied |nform—
tion about that part of the system Figure 4 |in Appendi x A
provi des an exanple of what information should be included in
such a table and how one m ght | ook.

It would be very hel pful, but inexpensive, to show the
| ocation of unit boundaries on the diagram as well. | Figure 3|in
Appendi x Alis a part of one page of a firemain diagram As
originally drawn, it did not include any information relating to

the unit orientatian of the parts of the system The circled in-
serts provide an exanple of how the boundaries of Unit 117 could
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have been identified. Figure 2 |of [Appendix A | includes
si npl e, clear Unit identifiers of the type which should also be
i ncluded in Diagrans.

Correlation with Conpartnentation

once a shipis built, the easiest way to describe the
| ocation of a piece of equiprment or of any part of a systemis by
use of the conpartnment nunber in which it is to be found. Ther e—
fore, the conpartnent nunbers should be shown on diagrans. The
nost effective way to do this will vary, dependi ng on the extent
of the system but in nost cases it can easily be acconplished by
using a schematic representation of the conpartnmentation as a
background for the system routing shown on the diagram and | abel —

I1ing each conpartnment by number. Labeling the conpartnment by nane
woul d even further enhance the ease with which the diagram can be
used . Figure 3|in| Appendi x A, as originally drawn, failed to
provide either the name or the nunber of the conmpartnents through
whi ch the system passed. Figure 2 [fails to include conpartnent
nunbers. Only the drawing illustrated in|Figure 1|contains both
t he conpartnent name and nunber. This type of information can

and should be provided in System Diagrans as well as in Assenbly
Dr awi ngs.

Assenbly Draw ngs
Gener al

The major user of the Assenbly drawings during the life
cycle of a ship is the Planning Yard. Their prinmary use of these
drawings is to verify, by shi pcheck, that the data on the draw
ings is accurate, so that the designers can use that data wth
confidence when devel oping their new draw ngs. In the manual
drawi ng node, the original drawi ngs sonetines are used for trac—
ing unchanged portions of the system




Nunbering arid Titling

As nentioned earlier, in order for the working draw ngs
to be nost useful to users, they nust be identified in such a way
that they can easily be related to the portion of the ship to
whi ch they apply. The system used for the titling and nunbering
of working drawi ngs nust allow easy recognition of the unit or
bl ock and conpartment(s) or area of the ship to which the draw ng
rel ates. The Shipyard drawi ng nunbers normally include the unit
| dentifiers, but the Standard Navy nunbering system does not

provide for that flexibility. Thus the Drawing Title content
must include the requisite information.

Modul ar vs. System Orientation
Because these drawings are used by the Planning Yard
for shipchecking of the existing |ayout of ships’ systens and for
planning how to nodify the existing layout to nost effectively
acconplish the purposes of proposed system changes, it is obvious
that the unit— or bl ock—eriented assenbly draw ngs, which provide
a conposite picture of all the systens in a given volune of the

ship, wll be nmuch nore useful to the Planning Yard than the
singl e system draw ngs which they have had to use in the past.
Shipalts seldom if ever, replace entire systens. It is nmuch

nmore common for a piece of equipnent in a systemto be changed
than to change a whole system Consequently, a conposite draw ng
of the relatively snmall areas of the ship which will be inpacted
by the equi pment change will provide the required information in
a much nore efficient nanner. This will be true even when it is
necessary to | ook at the whole system whi ch may revol ve | ooki ng
at several unit—eriented draw ngs. When using system-oriented
data, it is always necessary to |look at several draw ngs, and the

interrel ationshi ps between systenms are nmuch nore difficult to
di scern.
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Area Coverage

To be of greatest use to the Planning Yard, assenbly
drawi ngs should show data relating to an area of the ship which

has some functional significance, such as one level of a

machi nery space. This will usually require that nore than one
unit be included in the draw ng. Thus the Bl ock-oriented draw
ings format will provide the nost useful data for the Planning

yard' s use.

At  the other end of the spectrum are Assenbly draw ngs
whi ch show only the data relating to the construction and outfit-

ting of each individual sub-unit. While such drawings may be
considered ideal for the use of the building yard, they will not
provi de enough data to be useful to the Planning Yard. It will

be necessary for the planning yard engineer to review too many
drawings in order to obtain the information concerning a neani ng—
ful volune of the ship. Since sonme shipyards have bypassed the
bl ock orunit level of drawing and are concentrating on producing

only the sub-unit level for their own use, it is possible that

shi pbui l ding contract |anguage will have to address this issue.

The two aspects to be considered are:
a) whether the shipyard needs to generate these block or

unit level drawings (in addition to at |east sonme sub-unit |eve
drawi ngs) for their own productivity, and

b) whether the users need this level of drawing to nost ef-
fectively carry out their responsibilities.

Since it has been evaluated in this study that the
answer about the second aspect is “yes”. the first aspect nust be
addressed . At this time it is only possible to state that at
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| east one of t he yards which converted conpletely to
nodul ar construction techni ques has found the block/unit |evel of
drawing to be sufficient for all work but structural work.

Specifically, in the building of the TAO program many
piping assenbly drawings covered a block of several units and
were used directly at each construction site by the shipyard

production workers. On the other hand. it was found to be
preferable to prepare separate Fabrication drawings for each in-
di vi dual unit. Structural draw ngs, containing both fabrication

and assenbly data, were developed by unit and then used by nol d-
loft personnel to develop additional drawings at the sub-unit

level . The sub-unit |evel structural drawings were the primary
drawi ngs used by production personnel during the construction
process, but the unit—+tevel drawi ngs produced by the engineering

department were continually available for reference. These com-
bi nati ons were considered by that shipyard to be very cost effec—

tives, and have continued to be used in their subsequent ship-
bui | di ng prograns.

It is also of significance that one Planning Yard has
taken the trouble to visit this shipbuilder and review the con-
tent of the draw ngs being produced, and has concluded that the
drawi ngs being generated will satisfy their needs, wth the ex-
ception of certain of the matters being addressed in this report.

O her shipbuilders are pursuing different courses. It
may be coi nci dental, but the shipyards which are devel oping the
nost detailed levels of drawings are the ones with the greatest
conmputer drafting capabilities. It is possible that sone draw ng
practices are being driven nore by a desire to nake maximum use
of the conputer drafting capabilities that exist than by the
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results of a denonst r at ed cost —benefit anal ysi s. The
results from these building programs, when conpleted, will be of
great interest to the industry.

Legi bility

Many of the nodul ar-oriented assenbly draw ngs which
have been developed to date are significantly harder to read than
singl e system draw ngs, which can be difficult enough to follow,
anyway. Al t hough experience with the term nology and content of
nodul ar drawings nmakes their use less difficult, and obviously
t he shipyards thenselves are using them successfully, an inprove-
ment in the clarity with which information is provided is a nost
desi rabl e goal. Systens which traverse |large areas of a draw ng
need to be identified frequently enough that a user does net have
to search all over a sheet to find what the 1lines represent.
Scales nust be large enough that all of the identifiers and

di mensions on the sheet can be read w thout confusion. Common
sense wll ultimately prevail, but early attention to this need
will be helpful to all concerned.

Fabricati on Draw ngs

These draw ngs have been determ ned by Planning yard person-
nel to be extrenely useful for their efforts to provide |nform—
tion to Installing Activities for replacing existing systens.
Fabrication details in the past often were left for the shop
Pl anners to devel op, but are now a recogni zed part of the Design
Engi neering effort. As such, they are included in the Design

Drawi ng Schedule and included as deliverables to the governnent
at the end of the contract.

Wiile not a life-cycle issue, it is notable that these
fabrication details, being deliverables to the governnent. could
be made available by the governnent to the shipyards which
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produce follow ships of the class, but in many recent follow

ship solicitations, have not been provided either to prospective
bi dders or even to the follow shipbuilder except at his

request
and at the cost of reproduction. It would seemto be in the
governnent’s best interest to provide exanples of these draw ngs,
at least, during the bidding process so that bidders would have

the opportunity to elimnate the cost of replicating these draw
ings fromhis bid price, unl ess he chose to use a nore cost ef-
fective fabrication technique. Unfortunately , the specter of
Cl al rs agai nst the governnent, when docunents provided by them
are found to have any probl ens. is an overriding deterrent from
doi ng sonme otherwi se intelligent things. There are a nunber of
fairly obvious ways of overcoming this problens but it wll re-

quire a greater desire to do so on both sides of the contracting
t abl e.

Cener al
User Capabilities

Another inportant consideration in the evaluation of
drawing format has to do with the custoners’ ability to use the

data as devel oped. Wth many draw ngs being devel oped on com
puter drafting systens, it is frequently assunmed that the ship-
builders wll only have to turn over the data bases to the cus-
tomer and the custoner will be able to generate drawings in any
format and with any content that the customer desires. [t nust
be recogni zed that although nany Pl anning Yards and other USN ac-
tivities have excellent conmputer facilities, nost of them lag

wel | behind the private shipyards in the nunber of termnals
avai |l abl e to design personnel.

Further, despite sone excellent continuing efforts,
the conmmonality of the systens which are currently available in
various shipyards is by no neans adequate, nor is there adequate
ability to transfer and use data generated in different systens.
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Until a nunber of serious problems are solved, it Wil |
be absolutely necessary for the custoner to require delivery of
hard copies and reproducible nmasters of drawings that are in the

format and that have the content identified herein as being nost
usef ul

Drawi ng _Mai nt enance

Di scussions with Navy personnel, aboard ship and at the
Planning yard have identified that the ships drawings are not
bei ng adequately maintained in an up-to-date status.

Drawings and other docunents which are identified as
Sel ected Records Data are supposed to be nmintained current at

all tinmes. Specifically, within 90 days after any availability,
all SRD is to be updated to reflect all changes nade to the
ship's systens’ configuration since the |ast update, i.e., to |In-
elude all authorized and wunauthorized changes which have been

made sirce the |ast update.

The first problemis that this policy is very poorly
execut ed. Most ships are operating with nost of their SRD at
| east one year out of date, with the docunents to be changed sit-

ting in sone design office awaltlng additional funds to conplete
the effort.

The second problemis that, except in submarines, nost
system diagrans are not included as SRD. Those portions of
diagrans and other docunents which appear as enclosures in Tech—
ni cal Manuals or operating Manuals w |l be updated, since those

docunents are included as SRD, but the actual drawi ngs w 1l not.

The situation is exacerbated by the fact that there is
no requirenent for the Planning Yard to update the Assenbly draw—
ings, which are the only drawi ngs which provide a true. dinen-
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signalized description of t he ship's configuration
The drawi ngs produced by the Planning Yard provide the in-stalling
activity with just the reformation needed to rip out any portions
of existing systens that are to be replaced and to install the
repl acenent parts. Fabrication data may be left for the install-
ing activity to develop. Thus,after nore than one change to any
existing systens there may be three or nore draw ngs which have
to be reviewed together in order to obtain an accurate descrip-
tion of the current configuration of the system

It is hardly surprising, under the circunstances, that
the ships force personnel feel that they do not have much need of

drawi ngs of the ship or its systens. The ship as It exists is
the only description of its configuration that they feel they
need. | ndeed. it is probably the only correct description that
exi sts.

If there is any need for any of the draw ngs devel oped
by the shipbuilder to be naintained in a current state of ac-
cur acy, (and there nost certainly is), the priority should be
given to system di agrans, space arrangenent drawi ngs and then as-
senbly draw ngs. When conputer conposites exist and can be up-
dat ed, then their Olorlty would come after diaqrans and before

space arrangements~ and their updating would elimnate the need
to update assenbly draw ngs.

Format | ssues

one significant item concerning drawing fornmat energed
during discussions with Puget Sound Naval Shipyard personnel
The introduction of conmputers into the design process has led to
the typing of nmany portions of sone draw ngs, such as Ceneral

Notes or Material List information, at a termnal. The probl em
occurs when these sheets are printed out on paper of a different
size than the rest of the draw ng. This is not unique to draw
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i ngs pr epar ed for nmodul ar construction |, because this
probl em already exists. The problem surfaces when soneone at-
tenpts to obtain a copy of the draw ng. If part of a drawing is
prepared on |l arge sheets, which are rolled up for storage, say in
the Techni cal Li brary, and other parts are prepared in bookl et
formusing 8 1/2 x 11 paper, the Technical Library wll very

likely store the booklet portion in a location separate from the
rolled portion. Then. when soneone orders the draw ng, t hey may

not get all of It. The solution that has been used by one
shipyard is to develop the materi al information as a separate
“drawing”, with a unique title and draw ng nunber. The essenti al

element of any solution is that all sheets of any drawi ng be of
i dentical size.

Mlitary Specifications

A review of ML-D-1000 and M L-D- 100 the specifica-
tions which describe the required content and format of draw ngs
of equi pnent procured under governnent contracts has not dis-
closed any requirement that, in the author’s opinion, would force
a shipyard to develop individual system-oriented detailed draw
i ngs when such drawi ngs are not used by the shipyard to build the
shi p. Neither is there any requirenment that would preclude using
,any of the other techniques described herein for providing clear,

useful information to shipbuilders and operators.



CONCLUSI ONS

The conclusions of this study , based on the
described in the preceding chapters, are as foll ows:

eval uati ons

The Space Arrangenent drawings and System Diagrans are

needed by all activities involved with ship maintenance planning
and configuration control.

The inportance of System D agrans needs to be enphasi zed.
updat ed versions of these documents nust be available to the
ship’s force and to all involved naintenance activities at al
times. The format of these drawings needs to relate directly to
both the final ship conpartnentation and the construction unit

br eakdown. The drawi ng content nust include a matrix table or

ot her technique for uniquely identifying the assenbly and
fabrication drawi ngs which provide the details of how each part
of the systemis made and/or installed.

Conposite drawi ngs would be used, at |east occasionally, if
they were available to the design personnel of the Planning Yard.
Wien conposite data are available in the formof conputer data,
suitable for use in producing copies of drawings by the Navy per-

sonnel they beconme a required product of the construction
process.

The primary user of Arrangenent and Fabrication drawings is
the Planning Yard, but the ship’s force also need to have copies
avail able for potential use in energency situations. Supervisors

of Shipbuilding also will need these drawings for ships whose
overhaul s they are supervising.



There is no need for the Navy to receive detailed arrange-
ment drawi ngs of individual piping, structural or electrical sys—
tenms, as long as they receive arrangenent draw ngs which show the
arrangenent of all of each type of systemin a reasonably Ilarge
area of the ship. The nodul ar type of drawing will actually neet

their |ife-cycle managenent needs better than the individual sys-
tem draw ngs.

The page size of all sheets of each uniquely nunbered draw
ing nmust be the sane.

There is nothing in those MIlitary Specifications which re—
late to drawing content and format that would preclude the use of
t he techni ques recomended herein.
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D agram

Locati on

Uniths Shi pyar d USN (Oaner)
Sht | Areas Dk Franes Drwg. Nr. Drwg. Nr.

6 |4A —7H | M 66 — 86 117, 118 06-000- 81 505-5904371

6 |7A -15D | M 86-Strn 127, 615, 06—000- 82 505-5904381
625

6 |7E -15H | M 86-Strn 128, 616, 06- 000-83 505- 5904382
626

6 |6C - 8F Vh 80 - 95 420 06-420-17 505- 5904947

Figure 4 Appendi x A
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